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ABSTRACT- The Slotted Waveguide Antenna Array (SWAA) was introduced since the decade of 40s. 
This type of antenna array is well known by its reliability and ability to handle large amounts of power 
and high operating frequencies, so that the SWAA is commonly used as a part of radar systems. This 
research paper studies the design of a novel X‒band Slotted Waveguide Antenna Array (SWAA) which is 
excited by TE20 mode. The radiation characteristics of TE20 mode excited SWAA are compared with 
conventionally designed TE10 mode excited SWAA. The CST Microwave Studio (CST MWS) simulation 
results show that the SWAA with TE20 mode feeding features high bandwidth, narrow beamwidth, and 
high gain as compared with TE10 mode fed SWAA. Feeding the SWAA by using TE20 mode instead of 
TE10 mode results in increasing the bandwidth by 5.7 %, decreasing the beamwidth by 30˚, and improving 
the antenna array gain by 2.2 dBi higher than the obtained gain with TE10 mode feeding. 
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صمختدملا –  ىمع فرعتلا متتاحتفلا تاذ ةجهملا ليلد تايئاهى ةفهفرم تانيعبرلأا دقع ذنم.  اديج فورعم تايئاهيلا ةفهفرم نم عهنلا اذى
وتيقهثهمب ك تايمك عم لماعتلا ىمع وتردق وةريب  ةمظنأ عم عساو قاطن ىمع ةفهفرملا هذى مدختدت كلذل و ،ةيلاعلا ليغذتلا تاددرت و ةقاطلا نم
رادارلا.  ىددرتلا زيحلا ىف لمعت ىتلا و تاحتفلا تاذ ةجهملا ليلد تايئاهى ةفهفرمل ركتبم ميمرت ةيثحبلا ةقرهلا هذى سردت X-band  متي و
 طمنب ايتيذغت TE20   طمنب   ةيذغتلا ةلاح ىف ةحرتقملا تايئاهيلا ةفهفرمل عاعشلإا صئارخ ةنراقم متي .TE20   سفنل عاعشلإا صئارخ عم
  طمنب ةيديمقتلا ةقيرطلاب ايتيذغت دنع تايئاهيلا ةفهفرمTE10  ميمرتلا جمانرب مادختسإب ةاكاحملا جئاتن . CST MWS  ةفهفرم ةيذغت نأ ريظت
 ةحرتقملا تايئاهيلا طمنب TE20   ةنراقملاب عفترم بدك ىمع لهرحلا و ،عاعشلإا ةيواز ضرع ىف قيض و ،ىددرتلا قاطنلا ضرع ىف ةعس ببدي
 طمنب ةيديمقتلا ةيذغتلا تاذ تايئاهيلا ةفهفرم سفن عمTE10 . طمن مادختسإب تاحتفلا تاذ ةجهملا ليلد تايئاهى ةفهفرم ةيذغتTE20  نم ًلادب
 طمنTE10 دايز ىلإ ىدؤي ةبدنب يددرتلا قاطنلا ضرع ة7.5  عاعشلإا ةيواز ضرع ليمقت و ، ٪ رادقمب03˚  تايئاهيلا ةفهفرم بدك نيدحت و ،
بم رادق2.2  طمنب ةيذغتلا دنع ويمع لهرحلا مت ىذلا بدكلا نم ىمعأ لبديدTE10  .     
INTRODUCTION 
The waveguide slot antennas are low-loss, high 
power capability, low-profile and can be 
conformed to basically any configuration, thus 
they have found many radar systems applications 
especially in Synthetic Aperture Radar (SAR) 
systems 
[1‒4]
. A slot antenna was introduced by 
Booker in 1946 
[5]
. Later, slotted waveguide 
antenna was conducted by Watson 
[6]
. Oliner in 
1957 was able to analyze the slotted waveguide 
antenna based on its equivalence circuit 
[7] [8]
. The 
theory behind designing the slotted waveguide 
antenna array was presented by Elliott in 1982 
[9]
.  
In this paper, the design procedure and numerical 
simulator of resonant or standing wave slotted 
waveguide antenna are presented. For TE10 and 
TE20 excitation modes, the SWAA is fed at 
distance of a quarter waveguide wavelength from 
short circuited one end of the waveguide, and the 
other end of the waveguide is also terminated by a 
short circuit, where the slot antennas can be 
excited by the generated standing wave inside the 
waveguide with short circuit ends. The 
electromagnetic radiation of the slotted waveguide 
antenna array is stronger than single slot case. In 
optics, the Babinet’s principle states that the 
summation of field behind a screen with an 
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opening and the field behind a complementary 
structure is equal to the field when there is no 
screen. Babinet’s principle has been extended by 
Booker to include radio waves 
[5]
. The radiated 
fields of slot and dipole antennas are related to 
each other based on this principle. The radiation 
pattern of a slot antenna is identical to that of the 
complementary metallic dipole strip which fits the 
slot opening. The difference is that the orientation 
of the electric and magnetic fields is exchanged. 
For a slot antenna, if it is aligned parallel to z-axis, 
the electric field is   directed while the electric 
field for its complementary dipole is   directed [10] 
[11]
. This paper aims to improve the radiation 
characteristics of the SWAA which is commonly 
implemented with the microwave radar systems. 
The proposed SWAA with TE10 and TE20 
excitation modes has been designed, and then 
simulated using CST MWS. The radiation 
characteristics of the proposed X-band SWAA 
with TE20 mode  are obtained to demonstrate the 
enhancement of the antenna gain, bandwidth, and 
power handling capacity to meet the requirements 
for X-band radar systems. To the best of our 
knowledge, this is the first research to study the 
effect of the excitation mode on the performance 
of the SWAA. 
 
Design of the SWAA  
For the resonating vertically polarized SWAA as 
shown in Figure 1, the longitudinal slots in the 
broad wall are located at opposite sides to the 
central line in order to add phase shift of   in the 
neighboring slot fields. The equiphased radiation 
from the slots is      
  
  
 
  
 
     , so that 
the radiation from the neighboring slot will be in 
phase, where    is the waveguide wavelength at 
the operating frequency. The distance between the 
centers of neighboring slots as well as the distance 
between the last slot center and the waveguide 
shorted end, also the dimension and offset of the 
slot are crucial to get the required radiation 
pattern. The radiation characteristics of the SWAA 
depend on the distance between the neighboring 
slots which determines the phase difference 
between the electromagnetic fields in the slots 
[12‒
16]
. 
 
Fig. 1. Structure of the resonating vertically 
polarized SWAA. 
The design procedures can be summarized as 
follows: firstly, choose the number of slots 
required for the desired gain; where the gain of the 
slot antenna array is estimated using the following 
formulas 
[17] 
          [
  
  
 
 
]       
Where N is the number of slots along the 
waveguide. Secondly, choose a waveguide 
dimensions appropriate for operating frequency. 
For slotted waveguide antenna array which is 
excited by TE10 mode, the width of the rectangular 
waveguide’s wide-wall (a) is selected to make the 
operating frequency more than 15% above the cut-
off frequency of the dominant mode. While in case 
of exciting the slotted waveguide antenna array 
with TE20 mode, the width of the rectangular 
waveguide’s wide-wall (a) is designed to make the 
operating frequency more than 15 % above the 
cut-off frequency of TE20 mode. The narrow-wall 
width of the rectangular waveguide (b) is selected 
to be half the broad-wall width. The waveguide 
wavelength (  ) is calculated as    
 
√
 
  
    
 
  
 
  , 
where    is the cutoff wavelength at the operating 
mode, and   is the free space wavelength [17]. 
Thirdly, determine the length, width and offset for 
the slot at the operating frequency; where slot 
length =  /2 and the slot width =  /20 at the 
wavelength   = c / f, c and f are the speed of light 
and frequency of operation, respectively. The 
offset of slot from the central longitudinal line has 
been determined using CST MWS numerical 
calculations. Finally, a SEMI-RIGID CABLE .250 
is used to feed the rectangular waveguide 
[18]
. 
Wings are added to the SWAA to enlarge the 
ground plane for the slots and reduce the amount 
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of backward energy that may wrap around the 
SWAA. 
Simulation Results 
The array was designed with a total number of 64 
identical slots, on one wide side of a rectangular 
waveguide’s wall. CST MWS software has been 
used to simulate the SWAA dimensions at 
operating frequency of 9.6 GHz in case of 
implementing TE10 or TE20 mode excitation. The 
SWAA dimensions are indicated in Table I. 
TABLE I.  SWAA DIMENSIONS 
 
Parameter 
SWAA Dimensions in mm 
TE10 mode 
excitation 
TE20 mode 
excitation 
Wavelength in the 
waveguide  g 
43 52 
Width of the rectangular 
waveguide’s wide-wall 
18 36 
Width of the rectangular 
waveguide’s narrow-wall 
9 18 
Wavelength   31.2 29.54 
Slot length 15.625 15.625 
Slot width 0.893 0.893 
Slot offset from the 
central longitudinal line 
6.25 5.9 
Wing width 10.75 13 
 
The perspective, and bottom views of the SWAA 
with 64-slot are shown in Figures (2. a) and (2. b), 
respectively. Figure 2.c shows the cutting plane 
view of SWAA with 64-slot. The CST MWS 
simulations results for the reflection coefficients, 
elevation plane pattern and three dimensional 
radiation pattern for that slotted waveguide 
structure are shown in Figures (3), (4), and (5), 
respectively. The cross-section dimensions of the 
rectangular waveguide are (36 mm × 18 mm) as 
shown in Figure (6.a), while the cross-section 
dimensions of the rectangular waveguide shown in 
Figure (2.a) are (36 mm × 9 mm). The cross-
section of the TE20 mode fed SWAA with 64-slot 
is larger compared to the TE10 mode fed SWAA 
with 64‒slot; so that the power handling capability 
is much higher in case of implementing the 
SWAA with TE20 excitation mode. Figures (6.b) 
and (6.c) show that the two inner conductors of the 
coaxial cables behave like two monopole antennas 
to create an electric field and excite the TE20 
modes in the whole cross-section of the SWAA. 
Figures (2.b) and (2.c) show that the whole cross-
section of the TE10 mode fed SWAA with 64-slot 
is separated by a metal wall into two identical 
SWAA with 32-slot. Each 32-slot SWAA has a 
cross-section dimension of (18 mm × 9 mm), and 
is fed by an inner conductor of a coaxial cable 
which behaves like a monopole antenna to excite a 
separate TE10 mode inside each 32-slot SWAA. 
 
Fig. 2. CST MWS model for TE10 mode fed SWAA 
with 64‒slot (a) Perspective view (b) Bottom view (c) 
Cutting plane view. 
  
(a) 
  
  
  
(b) 
  
  
  
(c) 
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Fig. 3. Simulated S‒parameters for TE10 mode fed 
SWAA with 64‒slot. 
 
 
 
Fig. 4. YZ‒plane pattern for TE10 mode fed SWAA 
with 64‒slot. 
 
 
Fig. 5. Three‒dimensional radiation pattern for TE10 
mode fed SWAA with 64‒slot. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. CST MWS model for TE20 mode fed SWAA 
with 64‒slot (a) Perspective view  (b) Bottom view  
(c) Cutting view. 
 
In case of TE20 mode fed SWAA with 64-slot, the 
bandwidth is about 9.3% compared to 3.6% for the 
TE10 mode fed SWAA with 64-slot as shown in 
Figures (7) and (3). A comparison between the 
simulated S‒parameters for TE20 mode fed SWAA 
with 64‒slot (solid red curves) and S‒parameters 
for TE10 mode fed SWAA with 64‒slot (dashed 
blue curves) is indicated in Figure (8). Figures (9) 
and (10) show a CST simulation results for the 
elevation plane pattern and three dimensional 
radiation pattern, respectively. Also Figures (9) 
and (4) show that TE20 mode fed SWAA with 64-
slot provides a 3-dB beamwidth of 3.9 degrees in 
the elevation plane, while TE10 mode fed SWAA 
with 64-slot achieves a 3-dB beamwidth of 33.9 
degrees in the elevation plane. The CST 
simulation results which are shown in Figures (10) 
and (5) indicate that a gain of 14.33 dBi, and 
  
(a)     
  
(b) 
  
  
  
(c) 
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radiation efficiency of 97.8% are obtained by 
using the TE20 mode fed SWAA with 64-slot, 
while the TE10 mode fed SWAA with 64-slot 
provides a gain of 12.13 dBi and radiation 
efficiency of 97%. When the antenna array has a 
narrower beamwidth, its ability to concentrate the 
power will be increased, and the antenna gain will 
be improved. The SWAA with TE20 mode feeding 
has a narrower beamwidth as depicted in Figures 
(9) and (4), so that its gain is enhanced up to 2.2 
dBi higher than the obtained gain with TE10 mode 
feeding. 
 
 
Fig. 7. Simulated S‒parameters for TE20 mode fed 
SWAA with 64‒slot. 
 
 
Fig. 8. Comparison between simulated S-parameters 
for TE20 and TE10 excitation modes fed SWAA with 
64‒slot. 
 
 
Fig. 9. YZ‒plane radiation pattern for TE20 mode 
fed SWAA with 64‒slot. 
 
 
 
Fig. 10. Three‒dimensional radiation pattern for 
TE20 mode fed SWAA with 64‒slot. 
 
CONCLUSION 
In this paper, TE20 mode is proposed to feed the 
SWAA. The radiation characteristics of the 
SWAA can be improved by using TE20 excitation 
mode. The CST MWS simulation results show that 
TE20 mode fed SWAA with 64-slot can achieve a 
maximum antenna array gain of 14.33 dBi, a 
bandwidth of 9.3%, a beamwidth of 3.9 degrees in 
the elevation plane, and a radiation efficiency of 
97.8% compared to a traditional TE10 mode fed 
SWAA with 64-slot which can provide a 
maximum antenna array gain of 12.13 dBi, a 
bandwidth of 3.6%, a beamwidth of 33.9 degrees 
in the elevation plane, and a radiation efficiency of 
97%. TE20 mode fed SWAA is a good candidate 
for many applications which require a high power 
capability, narrow beamwidth, wide bandwidth, 
and high antenna array gain. 
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